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OSCILLATING VIRTUAL CATHOOf, LARGE-ORBIT GYROTRGN AND ORIVER (U)*
This entire art!cle is unclassified.

F. W, VanHaaften, R. F. HoebJrling, Pi. V. Fazio, AT-5, HS H827
Los Alamos National Laooratory, Los Alamos, NH B7545

Introduction .—

Studtes using an oscillating virtual cathode
(vircator) and a large-orbit gyrotron to generate rai-
crowave levels of several hundred megawatts are being
conducted at the Los Alamos National Laboratory (LANL).
A pulse level of -1 IO/, with length approaching 1 US
at a repetition rate of a few nertz, Is anticipated
for extension of these studies from the present
s$ngle-shot mode with 100-ns pulse width. The in-
creased pulse wfdth is needed to test longer pulse
length mfcrnwave sources. ?uise fonni.lg network
(PFN), transformer-coupled dr!vers have been stucfled
and are part of the subject of thts paper. The large-
orbtt gyrotron is discussed here, and the vircator is
the subject of Ref. 1.

Larqe-Orb It Gyrotron - A $urmnary

The conventicmal magnetron was the first crossed-
fteld electron tube to generate high-power coherent
microwave radiation at decimettr and centimeter wave-
lengths, The cross section of a typical rrbugnetron is
shown in Fig. la. A voltage is applied between the
coaxial center cathode anit the anode vanes. Electrons
are emitted from the cathode and cltculate, azimuth-
dlly, into the interaction space. This motion results
from the E K B drift veloctty caused by the presence
of the axial magnetic field. Nlcrowavo radiation is
producsd by the resonant interaction between the cir-
culating space charge and the magnetron modes associ-
ated with the anode slow-wave structure. These modes
correspond to tntegral numbers of wavelengths around
the structure.

TtIos~ rf waves that have phase velocities nearly
equal to the el~ctron drift’ velocity can interact very
strongly with the electrons. These rf field-produc~d
tortes cause azimuthal electron bunching and particl~
drift, either toward the arodt or the cathode de-
pending on the phase of the interaction. These rota-
ting electron “spokes” supply additional *n@rgy to the
rf field, which produces further electron bunching.
The as~ential featuro of the masnetron is that the
electron bunchel drtft in synchronism with the rf
waves supportod by the anode structure. In this way,
the ●lectrical Potential energy associated with the
radial dc @lectric field Is converted to rf energy.

High-power magnetrons of thi% type hw produced
over 1 GW of radiated power at 5 GHz end have been
designed around various operational limitations im-
PO$?i by such $y$ten$o These limitations Include the
following:

. lhe applied magnetic field must be large
enough to prevent electrons from crossing
the anode-cathode gap (the Hull criterion),

cathode in sufficient quantities to match tt.e
effective magnetron load impedance to the
source impedance.

The high applied potentials in such systems
must be less than a value that would induce
dc and rf breakdown.

The result of these design requirements is that such
devices do not perform well at higher frequencies, in
part because of the slow circulation velocity of the
space charge and in part because electrical breakdown
and other cons{cterations ltrntt to a maximum of about
●ight the number of resonators that can be used.

In a large-orbit gyrotron (Fig. lb), a rotating
relativistic electron layer Is produced by passing a
ho?low nonrotating beam through a narrow sytwnetric
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● The magnetic field must bc low enough to al- vd ● r~ wa
low space-charge circulation at a drift ve-
locity comparable to the phate velocity of
the fna9nUtF01\ mod, to be excited (the ROTA71N0 (ELECTRON LAYER
Funemen-Hartrce condition), IN A MAGNE7RON-TYPC

(b)

, The ~node-cathode gap must b. smali enough ‘.YAVEQUID~

to allow field emlss!on of eloctron~ from the
Fig, i Comparison of conventional magnetron wlrh

—. .—. large-orbit gyrotron,
*work supported by the U.S., Department of Energy.



magnetic cusp. Radiation is again produced by reso-
nant interaction of circulatory sPace charge and the
magnetron modes, and the circulation {S at the rela-
tivistic cyclotron frequency. Such a system has a
number of advantages over conventional magnetrons:

● Much lower magnetic fields need to be applied
to operate at a given microwave frequency.
The space-charge drift velocity is now given
by ro~c, where r. Is the mean beam radius and
~ls the relativlsttc cyclotron frequency
(note that the Hull crtterlon does not apply
here and this results in field requirements
of approximately 1 kG).

● The size of the device 1s flot determined by
diode impedance matching requirements and/or
frequency selection considerations.

● There are no applied voltages in the inter-
action region and, therefore, less likeli-
hood of dc and rf breakdown,

● T e-beam diode can be separately optimized
I c several microsecond operation,

As a result of all of the above, efficient higher
frequency operation should be possible,

Substantial microwave powers already have been
produced with this type of microwave tube. Reported
results include 400 Mk4 being produced at 10 GHz for
5 ns with 10% efficiency in a 12-slot device, Clpera-
tlon up to 35 GHz also has been demor!strated at the
several-m~gdwatt power level, At the low@r frequen-
cies, a three-slot device has hem operated success-
fully at 2 GHz for 80-ns pulses. The present pulse
length achieved has been lfmlted by the electron beam
machine without any ev!dence of dtode ciosure. The
operation of this d6vfce in a well-defined mtcrowave
mode reduces the mode conversion and waveguide trans-
mission problems associated with some high-powar
microwave sources,

PFN. rrans.former-courzlqd Driver

A PFN transformer-counled driver circutt !s being
designed to permit longer periods of o“}ratlorI for the
m!crowave $ource, Fig, Za, Source Ioatilng Is about
50CI ‘or this unit, To keep the Impedance of the PFN
r~asonable, a voltdge gain of no mor~ than 10 was
deemed necestary, thus making the PFN Imprdanco 0,5 G,
Olscusslons with is trfinsformer manufacturing firm nave
Indicated that a tightly coupied Iron core unit can
be fabricated wtth a lumped secondary I@tkagc induc-
tance of Approximately 50 BH, To accomplish this,
tht iow \\de of the orlmary clrcutt cannot be isolated
from the secondary clrcult,

A two-sect !on, Type C Gufllemin network shown In
Fig, 2b was \alected for tne PF#l dostgn, This PFN
de$lgn Is more toierant tharj oth~rs of the higher in-
ductances needed for two-~tage 14arx gentrator arrange-
ments required to k~!ep dc charglnq voltages at a level
of 100 kV Figure 3 co,ita!ns the waveforra used a} ●

design goal, [t !S d~%crlbed a! htvlng a paraboiic
rl;e afid ~a~l wit)l a fiat top, Thtre Is more rapid
Convrrgcnce of the puis~ \hap@ than wtth other wave-
forms, thus r?qulrlflg Iutt P~N \Qctlont, Thw pU]\@
parameter T and d hre defined in F!g, 3, In this
pdper T wat taken as 1,5 P3 and th~ parameter a at
0,} T, The ;Omf.SOfl(!flt vulues of the PFN are \hown in
Table 1, Iht? genar~l approach o} this design Is
rlescrlbed in Ref. 2.

(a)

(b)

Fig. 2a. System block diagram.
Fig, 2b. Type C Guillemin network for driving

transformer,

voltage

GJ3
Fig. 3. fdoal!zed driver waveform,

TABLE I

CONPONfNT VALUES FOR TYPf C PFN

Cumponent Value

cl 1.21 LIF
c? 0,125 PF
L1 189 nH
L2 202 nH

Tho slow ~~se time caused by the t~~nsformer ieak-
age !nduct~nce will tend to dtstort the pulse shape
conllderably. The undistorted and distorted wdveforms
ar~ shown In Fig. 4.
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PFN output waveform norms) dnrt dlstort~d,



To further study this problem, the net’work was
simulated using the Laboratory’s NET3 Network Analysis
Prcgram. A peaking capacitor was introduced into the
simulation at the output of the transformer (see
Fig. 5) output and a switch was placed between the
transformer output and the microwave source load re-
sistance. The circuit is shown in Fig. 5. ThE oDti-
mal capacitance (CP) was found to be 10 nF with the
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Fig, 5. Piicrowave source driver circuit used f~r
model iig:
PFN : Gui?lemin Type C network

T: Pulse transformer
Transformer leakage inductance

c;: Peaking capacitance
R: microwave source load
s: Switch

switch closing -850 ns after c10Sin9 of the PFN
switches, ‘he output voltage waveform is shown in
Fig, 6. A cylindrical coaxihl water capacitor 1,2 m
in di~meter and 2 m long ctsn supply the capacitance
needed with a sufficiently low bre.ak.down probability, a
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fig, 6. Ca’iculated Iingle-unit. output waveform,
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DevcloDment will bc ncoded in this are,!, FOF the
low inductance ntcded In the PFN switchtt, either rail
gap iwitchos or paralltl suitchet wI1l bc ncefled,
Con*tant air flow for coollng and for sdoeoing dis-
chargz products awdy will be netded for all switches.
ih~ tw~ high-currunt gept In the transformer primary
circuit will bo n point of d!fflculty, For long life,
tha @l@ctrod@ mdterlal $hou)d bc of the IIntered
tungtt@n-coDp*r ,mdt@riall \uch al that davelopcd for
the Antcr@s C02 La\er program,~ Thyratron technology
il now cnterlng the rea~m in which !t rndy hdndle th~

transformer primary switching requirement. Trigatron
triggering, if any at all is needed, should be ade-
quat? for the secondary output switch. Laser trig-
gering maY be considered here.

Parallel Systems

To increase the output of the system and not in-
crease the number of PFN Marx stages or charge voltage
per stage, more than one transformer-coupled PFN as-
sembly may be used in parallel to drive the output
load. This h~s the added advantage of lower current
gaps and higher PFN inductances. When the units are
connected in parallel, the driving impedance is
reduced.

Three assembles operating in parallel were stud-
fed so that each section drives an Impedance of 150 Q,
three times the desired value. The circuit for each
sectlrm is identical to that of Fig. 5 except that
component valuef are changed to account For the higher
impedance. The new PFN components are found in Table
If. klith the three devices in parallel, matching the
loading value for the microwave source (50 O) will
be achieved,

TA5LC II

COMPONENT VALU[S FOR TYPE C PFN (Z = 1,5 Q)

Component Value

c1 0.4 UF
Cz 00040 bF
LI 564 nki
L2 513 nH

The output waveform using no peaking capacitance
and switching is $hown in Fig. 1. Still tome wave
correction is need~d. The optimum peaking capacitance

1.0
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000
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Ftg, 1, Calculated output waveform for three p~ral led
similar atsttilies,

wa$ found to be -2 nr with the switching time .st 480 n%
aftar tho cloting of the PFN switchet, The woveform,
which looks acceptable for operation of tha drlv~r,
!s shown in FitJ, 8, The peaking capacitor of the In.
divldual units can be combined into one, thereby
making it possible t@ use only onc output switch,
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Fig. 8. Output waveform from three paralled
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